Abstract
Individuals with Autism Spectrum Disorder (ASD) often show prolonged attention to visual repetition, such as watching the spin-cycle of a washing machine (Kanner, 1943; Baron-Cohen, 2006) , and reduced attention to social stimuli (Klin et al., 2015) . Both phenomena, which reflect the pathognomonic social impairments and behavioural rigidity that defines ASD, have been linked to potential abnormalities in habituation (Green et al., 2015; Guiraud et al., 2011; Ramaswami, 2014) .
Habituation is defined by the progressive decrement in response to a stimulus when it is repeated (Thorpe, 1966; Schmid et al., 2014) . From infancy onwards, repeated exposure to an event make children less interested and responsive to it over time. This process reflects a strategic allocation of processing resources away from what is "already known" in favour of "what is not known yet", thus facilitating learning and adaptive response to changes in the environment (Groves & Thompson, 1970; Loyd et al., 2014) . Habituation in infancy is thought to reflect information processing efficiency and it is predictive of cognitive functioning later in life (Bornstein & Sigman, 1986; Colombo, 1993) .
It has been proposed that lack of habituation to sensory inputs might result in an exaggerated perception of changes in the environment in children with ASD. This in turn would lead to sensory overstimulation, distress and the perception of the environment as highly unpredictable, with repetitive behaviours serving as a way of constraining and controlling this unpredictability by imposing structure (Dawson & Lewy, 1989; Uljarević, 2013 ). This account is consistent with the original descriptions of Leo Kanner (1943) , and more detailed theoretical accounts put forward by other scholars (e.g. Hutt, Hutt, Lee, and Ounsted, 1964; Ornitz and Ritvo, 1968; Kinsbourne, 1980) , who suggested the potential role of repetitive behaviours as a means of warding of anxiety caused by inefficient habituation to sensory stimuli (see also Gomot et al., 2008; Leekam et al., 2011) .
Some empirical research appears to be consistent with this framework. For example, James and Barry (1980) documented lack of habituation in response to the repeated observation of visual stimuli (white circles on a black background) in ASD. More recently, Perry et al. (2007) documented that adults with ASD were slower compared to typical peers in dampening their response to repeated stimuli in a startle response paradigm, and Guiraud et al. (2011) reported reduced habituation to repeated sounds in infants at high risk for autism. However, counterevidence exists, including reports of normative habituation in ASD, and a lack of clear associations between habituation and repetitive behaviors (Baranek et al., 2006; Rogers & Ozonoff, 2005; McCormick et al., 2014) . Some of the inconsistent findings might reflect heterogeneity in habituation profiles within the ASD population. Indeed, research has suggested the existence of subgroups, characterized by different habituation response to sensory stimuli within the ASD population. For example, Schoen, Miller, Brett- Green and Hepburn (2008) identified two subgroups within a sample of 40 children with ASD (age range: 5-15 years), one characterized by slower latency and faster habituation and the other by faster latency and slower habituation in response to sensory stimuli. Similar findings were reported by Hirstein, Iversen and Rachandran (2001) . Additionally, Green et al. (2015) reported decreased neural habituation in sensory cortices and the amygdala in a subgroup of individuals with ASD who were characterized by sensory over-responsiveness at the behavioral level.
Abnormalities in habituation have been also linked to the social deficits characterizing ASD. Webb et al. (2010) documented slowed visual habituation to faces in toddlers with severe symptoms of ASD, but not in those whose symptoms were mild. Moreover, the slower habituation rate was correlated with poor social and communication skills. Similarly, other studies reported reduced neural habituation (lack of decrease in amygdala responsiveness) in response to faces in children and adults with ASD (Kleinhans et al., 2009 , Swartz et al., 2013 Wiggins et al., 2014) . Atypical habituation was associated with severity of social impairment, and modulated by both the properties of the stimuli (emotions displayed in the face stimuli) and the participants' characteristics. Based on this body of research, it has been proposed that lack of habituation is causally related to the core social and non-social symptoms of autism, with social symptoms reflecting failure to habituate and consequent hyper-responsivity to social stimuli, and repetitive behaviours emerging as a coping strategy in response to overresponsivity to sensory inputs (Guiraud et al., 2011; Ramaswami, 2014; Sinha et al., 2014; Wiggins et al., 2014) .
Somewhat paradoxically, a lack of habituation has also been proposed to be causally (Hocking, 2017; Riby & Hancock, 2008 Riby et al., 2013; Dodd & Porter, 2010; Doherty-Sneddon et al., 2009) . Recently, it has been proposed that the increased social motivation characterizing WS might reflect a failure to habituate to faces, which causes social stimuli to appear unusually novel and interesting (Järvinen, Korenberg & Bellugi, 2013; Järvinen et al., 2012) . Empirical findings supporting this notion include evidence of slow habituation in electrodermal activity response to social (and non-social) stimuli in adults with WS (Järvinen et al., 2012) . However, no other studies have examined habituation in young children with WS.
In summary, a lack of habituation has been linked to both the sensory abnormalities and impaired social abilities in ASD, and the increased social motivation that characterizes the behavioural profile in WS. To resolve the logical inconsistency of a specific factor (reduced habituation) leading to opposing behavioral profiles (decreased social orienting/motivation in ASD and increased social orienting/motivation in WS), crosssyndrome research focused on habituation in ASD and WS is needed.
The current study addresses this issue by examining habituation in preschoolers with ASD, age-and IQ-matched children with WS, and a comparison group of typically developing (TD) children. In particular, we investigated whether (a) visual habituation to repeated stimuli differed across children with ASD, WS and TD; and (b) whether habituation rate was associated with social and non-social features within each group. On the basis of the literature discussed above, we predicted abnormal habituation across both the ASD and the WS groups. We also expected associations between habituation and both social features and repetitive behaviours in ASD, in keeping with previous research. Due to the lack of previous research, no specific hypotheses were proposed regarding the associations between habituation and social features in young children with WS.
Methods

Participants
The participants were 39 preschoolers with Autism Spectrum Disorder (ASD; mean The diagnoses of ASD were previously made by community-based health care professionals and confirmed for the study using the Autism Diagnostic Observation Schedule-Second edition (ADOS-2) (Lord et al., 2012) administered by a clinician with demonstrated reliability in the use of this measure. Exclusion criteria for the ASD group included the presence of uncorrected hearing or vision impairment, and the presence of a major medical problem. All participants with WS had their diagnosis confirmed with the positive fluorescent in situ hybridisation (FISH) test and displayed the typical ~1.6 Mb heterozygous microdeletion at 7q11.23. The TD children had no reported neurodevelopmental disorders. The ASD and WS groups did not differ on language, cognitive level, motor skills or overall adaptive behaviour (Table 1) . However, as expected, children with WS had higher scores on the Socialization subscale of the VABS compared to the children with ASD. Both ASD and WS groups had significantly lower scores on each measure compared to children in the TD group. (Mullen, 1995) . Developmental quotient (DQ) scores were calculated according to the formula: DQ= age equivalent scores/chronological age X 100, and averaged to create an overall DQ, a verbal DQ (encompassing the receptive and expressive language subscales) and a non-verbal DQ (encompassing the visual reception and fine motor subscales). Two participants with WS were administered the Differential Ability Scales second edition (DAS-II) (Elliott, 2007) as a measure of intellectual ability as they were too old to be administered the MSEL (maximum age 68 months). Research has shown good convergent validity of the MSEL and the DAS-II (Bishop et al., 2007) . Additionally, participants' adaptive behaviour was assessed using the Vineland Adaptive Behavior Scales (VABS) (Sparrow et al., 2005) .
The habituation protocol measured the fixation duration to a repeating stimulus and to a novel stimulus presented side by side on a computer screen across nine trials presented in a fixed random order. In each trial, two shapes appear simultaneously on the left and right sides of the computer screen, both describing a 360° spin rotation, one each to the left and right of the child's midline. One shape was different on every trial (the novel stimulus), while the other remained unchanged across trials (the repeating stimulus). All stimuli were against a white background. There were two fixed random orders, so that for half participants the repeating stimulus was on right side of the screen and for the other half it was on the left side of the screen. The duration of each video was 27 seconds, 3 seconds for each of the 9 trials.
The stimuli comprised non-social, emotionally neutral stimuli to avoid the risk that characteristics other than novelty/repetition would elicit between-group differences in baseline salience attributed to the stimuli (Figure 1 ).
-Insert Figure 1 here
Procedure
The study was approved by the La Trobe University Human Ethics Committee and informed consent was obtained from the children's parents. The children were tested in a quiet room in one of three University or early intervention settings, depending on where the child was recruited. Three children with WS were administered the standardized tests and the experimental task in their home due to travelling difficulties on the part of their families. The experiment presented here were part of a larger study examining social and non-social learning in young children with ASD and WS.
Participants were seated in a comfortable chair, 60 cm from the computer monitor in front of a small table. No explicit direction was given. Videos were presented on a Tobii T120 binocular eye-tracker monitor with an imbedded camera (120-Hz, 1280 x 1024 pixels resolution, average precision of 0.5 of visual angle). During observation of the video-stimuli, participants' eye-movements were recorded using the eye-tracker system and analysed using frame-by-frame defined areas of interest using Tobii Studio analysis software. Fixation criteria were set to Tobii Studio defaults of a 30-pixel dispersion threshold for 100 ms. The two regions of interest included in the analyses were the novel stimulus and the repeating stimulus.
The rate of change (slope) of attention duration to the Novel and to the Repeating stimuli over trials was computed to measure habituation. To show habituation to the repeating stimulus, participants' attention to the novel stimulus should increase while their attention to the repeating stimulus should decrease over trials (Fantz, 1964; Colombo & Mitchell, 2009 ).
Furthermore, the number of trials to habituation was calculated as an additional index of habituation, based on the conventional algorithm indicating two consecutive fixations to the repeated stimuli at a decrement of 50% or more from the mean of the two longest previous fixations within the session as the criterion for habituation (Colombo et al. 1987 (Colombo et al. , 2012 ).
Eye-tracking calibration was controlled by Tobii Studio software. A five-point calibration and validation procedure was used, with calibrations being signalled as "valid" by the software when all five points showed good fit in the computed mapping for both eyes.
The procedure was repeated until the five points were properly calibrated for each eye.
Results
We first measured participants' total amount of fixations to the screen (using fixation count as the metric), in order to rule out group differences in attentional engagement with the task. Results of a one-way between-subjects ANOVA showed no effect of Group [F (2, 76) = .07; p= .92].
Next, participants' rate of change in total fixation duration to the Novel and Repeating stimuli over trials were subjected to a 3 (Group) X 2 (Condition -Novel, Repeating)
ANOVA. There was a main effect of Condition [F (2, 74) between habituation and RBBs, we conducted a one-way ANOVA examining whether children with ASD with high levels of RRBs (N= 9), defined as scoring in the top 20% of score distribution (Lyall et al., 2014; Uljarević et al., 2016) , differed from the rest of the sample (n = 30) in terms of the number of trials to habituation. This analysis confirmed that participants with ASD in the high RRB group habituated more rapidly to the repeating stimuli compared to participants with ASD who had low repetitive behaviours [F(1, 30)= 6.167, p= .019, Cohen's d= 1.14].
Discussion
The current study employed a novel eye-tracking paradigm to examine visual attention in response to novel versus repeating stimuli in preschoolers with ASD, those with WS, and TD children. Although children with WS and TD decreased their attention toward a repeating stimulus and increased their attention to a novel stimulus over time, children with ASD showed a decrease in attention to both stimuli over time. Our findings showed that children with WS who habituated more rapidly to the repeating stimuli had better social skills compared to those showing slower habituation. Contrary to expectations, our findings showed that slow habituation in ASD was associated with lower severity of RRBs. These findings are discussed below.
Habituation in ASD.
Children in the ASD group attended more to the novel than the repeated stimuli over time, similar to the WS and TD groups. However, our findings showed decreased attention not only to the repeated stimuli over time but also to the novel stimuli in ASD -suggesting a decreased responsivity to novelty versus repetition in this population (Vivanti, Dawson & Rogers, in press ). In addition, they needed more trials to habituate to the repetitive stimuli. Our findings do not support, however, models linking atypical habituation to repetitive behaviours and social impairments in ASD, as slow habituation was unrelated to social functioning as measured by the ADOS-2 and the VABS. Importantly, previous research in the area that has linked reduced habituation to severity of ASD features has been predominately focused on habituation to social stimuli (e.g., Kleinhans et al., 2009 , Swartz et al., 2013 Webb et al., 2010; Wiggins et al., 2014) . It is possible that the non-social stimuli used in the current study, by 'detaching' habituation from social processing, captured a dimension of habituation that does not contribute to the severity of ASD symptoms.
Somewhat paradoxically, we found that children with slower habituation had fewer RRBs in our ASD sample. Given the inconsistency of this pattern with existing theoretical frameworks and the paucity of research focused on this issue, further research is needed to explore this counterintuitive association.
Habituation in WS.
Our findings showed similar visual habituation between preschoolers with WS and those with TD, contrary to previous studies which have reported slower habituation in WS (Järvinen et al., 2012) . The current findings suggested that WS and TD children decreased their attention toward the repeating stimulus and increased their attention to the novel stimulus over time to a similar degree, and there were no significant differences in the number of trials needed to habituate. Methodological differences between the current study and the Järvinen et al. study may explain these contrasting results. In particular, the Järvinen et al. study involved a much older sample, and stimuli designed to elicit emotional responses, while the repeating and novel stimuli in the present study were emotionally neutral. Additionally, the Järvinen et al. study focused on electrodermal activity habituation, while our study measured visual habituation. While the two phenomena are thought to reflect the same underlying construct of decreased responsivity in response to repeated exposure of the same stimulation (Turk-Browne et al., 2008) , it is possible that differences in measurement techniques contributed to the conflicting findings.
Despite the lack of significant differences between the WS and the TD groups across habituation measures, we found that those children with WS who required more trials to habituate showed poorer social functioning. This association suggests that children who are slower in registering repetition versus novelty may struggle more with processing social information; however, the correlational nature of this finding does not allow us to establish the causal direction of this association, and further research is needed to explore this issue.
Overall, results from our cross-syndrome study provide several new insights on the role played by habituation in the social and non-social features of ASD and WS. First, while the atypical response to repetition in the ASD group documented here is intuitively consistent with several autistic features, including a drive towards constancy, sameness and predictability, and "aversion" to unpredictable and chaotic social situations, our correlational data provide little support for the view that a habituation impairment underlies the symptoms of ASD. Additionally, differences in habituation observed in the current study do not appear to reflect a fundamental habituation impairment. Importantly, children with ASD were able to parse stimuli according to a "novelty" versus "repetition" principle; although they required more trials to "get bored" of repetition compared to the other groups, their attention was longer in response to the first presentation of the stimulus and became shorter as the same stimulus was repeatedly presented. However, when observing novel and repeating stimuli side by side in the computer screen, children with ASD did not show an attentional preference for the novel stimulus. This phenomenon might reflect a diminished propensity, rather than an absolute inability, to allocate attentional resources toward novel information when both novel and repeated information are available. This reduced "novelty bias", coupled with slower habituation, might play a role in the learning difficulties characterizing ASD (Vivanti & Rogers, 2014; Vivanti et al., 2016) . Habituation reflects an adaptive filter mechanism that facilitates allocation of cognitive resources to novel "not-yet-learned" information, and therefore provides children with a powerful means to incorporate new knowledge into their behavioural repertoire; this mechanism also prevents "already learned"
information from saturating processing capacity. Early emerging differences in this strategic allocation of attention might impact early learning experiences, as selective attention and adaptive action in response to environmental inputs play a major role in shaping developmental trajectories. Failing to pay special attention to stimuli that were never seen/heard before compared to familiar ones might disproportionally affect learning in the social domain, as people are more likely to be a source of novel information compared to objects. Therefore, it is possible that the differences in the habituation task documented here, rather than being a fundamental impairment that causes the symptoms of ASD, reflect a subtle alteration in the "novelty preference" bias which can affect learning experiences during critical developmental stages.
Similarly, our results do not support the view of a fundamental habituation deficit in children with WS. Rather, our correlational data indicate that efficiency of habituation in this syndrome is relevant to social functioning. Social information processing requires rapid detection of patterns and quick, adaptive responses to constantly changing scenarios (Engel et al., 2001) . It is possible that, despite the motivation to engage with social information that characterizes children with WS, individual differences in processing novelty versus repetition affect their ability to efficiently navigate the ceaseless flow of stimuli in everyday social situations. This view is consistent with research indicating that individuals with WS often show normative or enhanced performance in simple social tasks (e.g., imitation of emotional expressions; Fidler et al., 2007) , but struggle with complex social information processing (e.g., complex social judgements on trustworthiness; Tager-Flusberg & Skwerer, 2013) .
Importantly, while the current findings point to the potential relevance of habituation to behavioral features in ASD and WS, longitudinal studies will be needed to examine the nature, correlates and developmental consequences of divergent habituation profiles across these neurodevelopmental disorders.
This study has a number of limitations that warrant mention. Firstly, the fact the participants with ASD were paying less attention to the novel stimuli over time could reflect a lack of interest in the task rather than reduced habituation. However, a number of factors mitigate against this interpretation. First, we used a relatively small number of trials in order to maximize engagement with the task, and to avoid attrition due to inattention in young children with ASD and WS. Secondly, we calculated the number of fixations to the screen as a measure of attentional engagement with the task, and found similar number of fixations across groups (although the duration of those fixations decreased in children with ASD).
Therefore, our findings that children with ASD differ from those with WS (who were closely matched in the terms of cognitive functioning) in their attentional response to the novel stimuli is unlikely to simply reflect less engagement with the task.
Another limitation is that, due to the observational nature of the protocol, the ADOS-2 is limited in its ability to assess restricted and rigid patterns of behaviours/insistence on sameness. Additionally, as different types of repetitive behaviours have been suggested to differ in terms of neural underpinnings (Langen et al., 2011) , behavioural correlates, triggers and functions (Leekam et al., 2011) , developmental trajectories (Evans et al., 1997) as well as patterns of familiarity and genetic underpinnings (Silverman et al., 2002; Uljarević, et al., 2016) , future research should focus on measures that capture the multi-dimensional nature of repetitive behaviours. Furthermore, it cannot be excluded that despite our preventative efforts, characteristics other than the repetitive versus novel nature of the stimuli influenced the children's gaze patterns. However, if the two classes of stimuli elicited different gaze patterns due to some unmeasured stimulus properties, all the groups would be subject to the same bias.
Despite these limitations, our cross-syndrome approach and the novel experimental paradigm used to examine habituation can be viewed as strengths of the current study, and provided us with the opportunity to address a number of gaps and limitations in previous research. In particular, habituation was examined for the first time in a homogeneous sample of preschoolers with WS, allowing us to investigate this process during early development.
We also measured visual habituation using eye-tracking in a passive view paradigm-an approach that offers more precision in capturing attentional patterns compared to behavioural coding techniques. It is also one that is considered to be optimally suited for research with young children with neurodevelopmental disorders who experience difficulties with following verbal instructions and handling complex social and cognitive demands, such as in children with ASD and WS (Venker & Kover, 2015) . Furthermore, the use of non-social and arousal-neutral stimuli allowed us to eliminate the potential confounding factor introduced by the differences in social-emotional processing that distinguish children with ASD and WS.
We therefore contend that our paradigm provided an unbiased test of response to novelty versus repetition compared to the use of social and emotionally-relevant stimuli that has been commonly employed in previous studies. Future studies should build on this paradigm by manipulating relevant stimulus properties including the reward value and cognitive load.
In conclusion, atypical habituation has been proposed to underlie both the social and non-social difficulties (including atypical sensory responsivity) that define children with ASD, as well as the distinctive social phenotype in WS. Our findings indicate that habituation appears to be normative in WS and impaired in ASD. Furthermore, habituation appeared to be associated with social and non-social functioning according to syndrome-specific patterns that were inconsistent with predictions from current theoretical perspectives. Future studies are needed to further examine the role of habituation in the social and non-social areas of impairment that characterize children with ASD and WS. 
